Regarding to the structure of final energy consumption in buildings and
insulation cases. Klein et al. [17] simulated hybrid heat pump system for existing residential building for whole year and showed that highest seasonal performance factor was reached for mid-range heat pump capacities due to the temperature dependency of the bivalence point in alternative-parallel bivalent operating scheme given in the study [17] . They concluded that hybrid heating systems could be justified for existing buildings, but with subsides or reduced electricity tariffs. As it is shown in various studies the highest operational efficiencies and the lowest costs depends on a hybrid system control strategies [5, 10, 12, [18] [19] [20] [21] .
Vallati et al. [22] analyzed heat pump heating system coupled with photovoltaic panels for cities: Rome, Milan and Cracow and concluded that this system has a good potential, covering the 70%, 62% and 47% of heating demand studied for these cities respectively. Poppi et al. [23] published a review for techno-economical analysis of solar heat pump systems for residential heating including also a results from several studies considering hybrid heating systems.
This paper gives a brief overview of energy consumption by sector in the Republic of Serbia with regard to the structure of final energy consumption in buildings and National Action Plans. Further discussed are the heat sources in heating systems. Constructed and displayed is the seasonal heat load duration curve for winter conditions in accordance to the Typical Meteorological Year (hereinafter TMY) for Belgrade [24] . The analysis of the systems with a fossil fuel source, as well as analysis of a hybrid heat sources are conducted. The savings achieved in the primary energy and CO 2 emission reduction, which are attained by the use of a hybrid system, are shown in comparison with the conventional system.
Energy Consumption in Buildings
According to Energy Balance for 2015, done by Ministry of Infrastructure and Energy, 38% of final energy is consumed in building sector [1] .
The processed data for summed share of building stock, according to Study on energy efficiency of Buildings in Serbia, give the average sectors' specific heat consumption, which is higher than specified in national regulations regarding existing buildings. The diagram in Fig. 1 shows comparison of the average heat consumption and values specified by national regulations. From the Fig. 1 Renewable energy sources, with an estimated technically exploitable potential of about 5.6 Mtoe per year, can significantly contribute to the fossil fuels use reduction and to the environmental conditions improvement. Republic of Serbia is already using 35% of total available technical potential of RES (881.7 ktoe of hydro potential, 1,058.9 ktoe of biomass potential and 1.2 ktoe of geothermal energy -1,941,8 ktoe in total) [4] .
The use of RES in the previous period was based on the production of electricity from large river flows, and the use of biomass mainly for heating purposes in households, to a lesser extent in the industry. According to the data from the energy balance of the Republic of Serbia for period [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] [2017] ., revised in accordance with EUROSTAT methodology, the share of electricity from hydropower in GFEC amounted to 9.55% (28.25% in the electricity sector), while the share of thermal energy from biomass in GFEC amounted to 11.47% (26.47% in the sector of heating and cooling) [4] . The share of RES in final electricity consumption (RES-E), in transport sector (RES-T) and in sector of heating and cooling (RES-H&C), calculated in accordance with EUROSTAT methodology, is shown in Tab.1 [4] . The main reasons causing a negative trend in the share of RES after 2014. are:
 An unplanned increase in GFEC caused by increased industrial consumption;  Unbalanced dynamics of RES development.
In the period from 2009 to the end of 2018, only 115 MW of new RES power plants were connected to the network. At the same time, from 2019 to 2020, the 500 MW of wind power plants will be built and connected to the electricity power network. Therefore, it is possible to conclude that the trend of RES share will be positive for the period from 2018. to 2020.
Predicted changes of GFEC according to the scenario with measures for energy efficiency, for the period from 2010 to 2020, is shown in Fig. 2 . It can be seen clearly, with the diagram shown in Figure 2 , that the biggest savings are projected in the heating and cooling sector [4] .
Figure 2. GFEC in total and by sectors -according to the scenario with EE measures [27]
Previous research related to improving the energy efficiency of the heating systems in buildings have shown that the following energy savings can be achieved [25] :
 Cutting the heat loses, by piping insolation -from 5 to 8%;  System balancing and introducing central and local automatic control -up to 15%;  Heat recovery in Air Handling Units (AHU) in winter -up to 30%;  Replacement of heat source -from 20 to 55%. It can be concluded that the biggest savings of primary energy for heating just derive from careful and proper selection of heat source for the heating system. In order to design efficient heating system it is necessary to analyze building heating needs during the heating season and to adjust a system and its operational regimes to the requirements. Considering that dynamic change of heating needs is present during the heating season, it is very important to construct seasonal heat load duration curve, according to climate date for the location of the building.
Seasonal Heat Load Duration Curve
In order to gain a better overview of the heating system operation during the entire heating season, it is necessary to observe frequency of outdoor air temperature values. For this reason, the annual heat load duration curve is constructed, using data of TMY for Belgrade [24] , which is based on annual frequency of outdoor air temperature (Fig. 3) . One can see that less than 5% of time during the season external temperature drops under limit value of -5 o C. Also, the number of days with outdoor temperature below freezing is rather small, and it accounts to around 40 days, representing approximately 20% of the heating season duration.
During the transitional periods, at the beginning and the end of the heating season, the outdoor temperature is high, resulting in a favorable application of renewable energy sources. However, during the abovementioned periods (October and April), the consumption of energy for heating is not high, that is, the proportion of energy consumed in those periods is less than 20% in total consumption for heating on an annual basis. The seasonal heat load duration curve is constructed for the family house, located in Belgrade. The methodology of heat losses calculation used in the paper is in accordance with the standard SRPS EN 12831-1:2017 [28] , taking into account both transmission and ventilation heat losses. The heat losses are varied depending on the outdoor air temperature in order to obtain the dependence function of heating capacity on outdoor temperature (Fig. 4a ) and heating curve (Fig. 4b) .
Net heating area of the house is 150 m 2 , with radiator central heating system in temperature regime of 63/48 o C, with installed electrical boiler, with heating output of 18 kW. Preparation of domestic hot water (hereinafter DHW) is done by conventional electrical system. Final energy need for heating amounts to 100 kWh/m 2 , which was calculated using a fully prescribed monthly quasisteady-state calculation method [29] .
In order to obtain efficient use of energy for heating, the replacement of existing boiler with the hybrid heat source that includes RES is recommended. Seasonal heat load duration curve is constructed based on frequency of outdoor air temperature for Belgrade weather data and heating capacity in dependence of outdoor temperature. Seasonal heat load duration curve for Belgrade weather data is shown on Fig.5 . 
Efficient Hybrid Heating Systems
The main idea of this research was to show the impact of different types of hybrid systems on energy savings, comparing to the conventional systems and for this purpose, three different hybrid heat source systems are proposed:
 Hybrid 1: air to water heat pump (base source) + electric heaters (peak source);  Hybrid 2: air to water heat pump + thermal solar energy panels (base source) + electric heaters (peak source);  Hybrid 3: air to water heat pump + thermal solar energy panels (base source) + gas boiler (peak source). The recommended hybrid heat source consists of: air to water heat pump, with heating output of 7.5 kW and seasonal Coefficient of performance (hereinafter COP) of 3.45 [3] , thermal solar energy panels (of 5 m 2 with the efficiency of 78.5%, with heating output of 100 W/m 2 -for cases 2 and 3) -as a base source, and additional heaters of 7.5 kW -as a peak source (electrical heaters for cases 1 and 2; gas boiler for case 3). In the case of application of hybrid system it is possible to cover both heating needs and needs for domestic hot water (DHW) by adding a hot water tank. It is highly recommended to use the same heat source for both purposes -space heating and preparation of DHW. Such a solution does not require an additional heat source for DHW and an investment cost is very profitable. Diagram in Fig. 6 is showing the share of each heat source in providing heating energy on annual basis.
The conventional heat source is operating in monovalent mode during the whole heating season, covering total heat demand of 15,433 kWh/y. In the case of application of Hybrid 1 (Fig. 5) , the heat pump is covering 13,581 kWh/y (88% of annual heat demands), while the electrical heaters are covering 1,852 kWh/y (12% of annual heat demands). In the case of Hybrid 2 and Hybrid 3, the heat pump is covering 10,860 kWh/y (70% of annual heat demands), solar panels are covering 2,721 kWh/y (18% of annual heat demands), while the additional heaters are covering 1,847 kWh/y (12% of annual heat demands). 
Results and discussion
In order to investigate the justification of the hybrid systems application, the analysis of the substitution of different conventional systems with hybrids was carried out. The analysis included following parameters: primary energy consumption; seasonal heating bills and CO 2 emissions generated by the operation of the heating system. The required annual primary energy for the operation of the heating system, as well as the annual CO 2 emissions, are calculated in accordance with the methodology prescribed by the Regulation on Energy Efficiency of Buildings [30] . The annual heating bills were calculated in accordance with the tariff systems for energy payment (electricity and district heating) and the prices of fuels on the market in the Republic of Serbia. Accordingly, the obtained values are shown in Tab. 2. Diagrams on Fig. 7 are showing respectively relative reduction of primary energy and heating bills regarding the application of different Hybrids.
Figure 7. Relative reduction of primary energy (a) and heating bills (b)
Regarding primary energy savings it is evident that all hybrid systems would provide significant reductions. The highest savings can be achieved in the case of substitution of an electrical heater with hybrids, resulting in relative primary energy reduction of 67 up to 77%, while substitution of a gas boiler with hybrid system results in relative primary energy reduction of 24 up to 47% (Fig. 7a) . When analyzing the annual heating costs, it is noted that the greatest savings are achieved by replacing the fuel oil boiler with a hybrid system, when the savings can be over 80%. The lowest cost reduction is achieved by replacing the boiler with coal, with a reduction in the cost of about 40%. Fig. 8 shows a diagram of specific annual heating bills, depending on the heat source used.
Reduction in CO 2 emission are achieved in the cases of substitution conventional heat sources like electricity, district heat and coal. Relative reduction in CO 2 emission are varied from 70% regarding electricity heat source replacement, to about 30% regarding substitution of DH and coal boiler. On the other hand, by replacing fuel oil and natural gas boilers with proposed hybrid systems, CO 2 emissions are not reduced. This is due to the fact that the heat pump uses electricity to drive the compressor, as well as the air fan in the outer unit.
Figure 8. Specific annual bills for heating regarding energy source
From the previous analysis it is clear to notice the advantages of hybrid systems in relation to conventional ones, when energy savings and heating bills reduction are in focus. However, there remains a question of the profitability of the application of hybrid systems. In order to determine the financial justification of the application of hybrid systems, financial benefits during the technical life cycle must be evaluated. For this purpose, the calculation of works and equipment prices for the implementation of hybrid systems was made. The investment cost of Hybrid 1 is 5,500 Eur, concerning installation of air to water heat pump with integrated electric heaters. The instalation of solar panels, buffer tank and conection to the system amounts to 2,430 Eur, while instalation of gas boiler amounts to 1,060 Eur. Thus, specific investment cost are ranging from 37 Eur/m 2 up to 60
Eur/m 2 . The payback period for each of hybrid system is calculated, regarding substitution of different conventional energy source for heating (Fig. 9) . Only in the case of substitution conventional system with gas bioler, investment cost of a new gas bioler are excluded, since it is possible to use an existing one. From the diagram in Fig. 9 , it is noted that the investment payback period of the hybrid system is acceptable in the case of substitution of conventional systems using fuel oil, electricity or district heat. The payback period ranges between 4.5 and 5.5 years when it comes to replacing sources using fuel oil and district heat. A somewhat longer payback period occurs in the case of replacement electrical heaters, and varies within the limits of 6.5 to 9 years. The case of replacing the source with a gas boiler is at the limit of profitability and the most appropriate application is the application of Hybrid 3. In this case, the payback period is 12 years. When it comes to replacing the boiler that burns coal, one can not talk about profitable solution.
Conclusion
The analysis of application of hybrid heating system, conducted in this paper, has shown significant potential for energy savings by application of renewable energy sources. In order to gain a better overview of hybrid system operation during the entire heating season, annual heat load duration curve is constructed, using data of TMY for Belgrade. It is shown that heat pump, together with solar system can cover over 90% of heat demands. Calculation of the energy consumption for each day of the heating season is performed in order to determine energy consumption. The results obtained through the conducted analysis are showing that all proposed hybrid systems would provide significant reductions in primary energy and heating bills. The reduction in primary energy varies from 24 up to 77% in dependence of applied hybrid system and conventional which should be substituted. Regarding annual heating bills it is shown that reduction varies from 40 up to 80% in dependence of applied hybrid system and substituted conventional one. The investment costs are reasonable, varying in the range of 37 to 60 Eur/m 2 . Also, financial parameters are in favor of hybrids when it comes to replacement of conventional heat sources like fuel oil, electricity and district heat, providing profitable energy efficiency projects for house owners.
The most important advantages of the hybrid system application are the following: -the possibility of application when reconstructing the building envelope, without changing the heating system, but switching to low-temperature regime; -relatively low investment costs with payback period from 4.5 up to 9 years; -very low exploitation expenses for heating (from 1,7 to 2,2 euro per day); -improving thermal comfort by maintaining indoor temperature within the desired limits throughout the season, as well as continuous supply of DHW; -engagement of the user is minimal considering fully automated operation; -the possibility of simultaneous application for heating and central preparation of domestic hot water.
